Abstract: Groups of five male and five female Wistar rats were treated by gavage with 0, 1, 10, and 100 mg/kg body weight (b.w.) flutamide (FLU) or 0.01, 0.05, and 0.2 mg/kg b.w. of ethinylestradiol (EE2) for at least 28 days according to an enhanced Organization for Economic Cooperation and Development (OECD) test guideline (TG) 407 to investigate which of the current and/or additional parameters would detect effects on the endocrine system and to provide data on intralaboratory variability. Two identical studies were performed in parallel on each compound. Common enhancements were determination of thyroid hormones (T3, T4) and thyroid stimulating hormone (TSH), of the stage of the estric cycle to ensure necropsy of females in diestrus, of the number and morphology of epididymal sperm, and of additional organ weights (e.g., male accessory sex organs, MASO) and histopathology of additional organs (e.g., pituitary, vagina). Endocrine-mediated findings consistently observed in these studies were decreased relative weights of MASO at 100 mg/kg FLU and at 0.2 mg/kg EE2, histological changes in pituitary and testes at ≥10 mg/kg and in MASO, epididymis and adrenals at 100 mg/kg in FLU-treated males, histological changes in the mammary gland at ≥0.05 mg/kg and in testes, MASO and adrenals at 0.2 mg/kg in EE2-treated males, estrogenization of uterus and vagina (despite necropsy in diestrus) at ≥0.01 mg/kg EE2, and changes in the ovary at 0.2 mg/kg EE2. Spermatology was insensitive (EE2) or revealed changes only at the maximum tolerated dose (MTD). Determination of T3, T4, and TSH did not contribute to the detection of the endocrine effects (FLU) or provided equivocal results. Doubling the group size to 10 animals by combining the studies run in parallel did not increase the sensitivity of detection of endocrine-mediated effects above the level obtained by histopathological examination of groups of five animals. Only some of the proposed enhancements evaluated were helpful in detecting the endocrine-mediated effects of FLU and EE2. Evaluation of studies according to an enhanced TG 407 on 10 compounds with different endocrine activities will identify the most appropriate enhancements.
INTRODUCTION
In response to concerns that current toxicological test guidelines (TGs) may not address the detection of interactions of chemicals with the endocrine system sufficiently, EMSG had proposed enhancements to the current subacute rodent Organization for Economic Cooperation and Development (OECD) TG 407 by parameters thought to be effective in detecting endocrine modulation. The enhancements had been discussed at the international level under the umbrella of OECD, and the resulting final version of the enhanced protocol [1] was the basis for a feasibility study on FLU [2] . Experiences from this and other studies resulted in a reduction of the enhancements. This streamlined protocol [3] was then used for the testing of a broad range of endocrine active substances. For each compound, two studies (designated A and B) were run in parallel with the conventional animal number of five rats per dose and sex in order to assess intralaboratory variability. Moreover, individual (n = 5) and combined (n = 10, designated as Combined) evaluation of the results was performed in order to investigate a potential increase in sensitivity when doubling animal numbers. Our laboratory was entrusted with the testing of the flutamide (FLU, feasibility study) and ethinylestradiol (EE2). In the following, we discuss the efficiency of current and additional parameters of the enhanced TG 407 protocol for the detection of endocrinemediated changes induced by FLU and EE2. Only enhancements common to both studies will be considered, namely the additional determination of (a) thyroid-related hormones; (b) estrus cyclicity from vaginal smears starting in exposure week 4 to ensure necropsy of all females in the diestrus stage of the estrus cycle in week 5; (c) the number and morphology of cauda epididymal spermatozoa; (d) organ weights of ovaries, uterus, thyroid, male accessory reproductive organs and pituitary; and (e) histopathological investigation of pituitary, mammary gland, epididymides, pancreas, and vagina.
MATERIAL AND METHODS
SPF-bred Wistar rats (Hsd Cpb:WU) obtained from Harlan-Winkelmann (Borchen, Germany) were 7 weeks old at initiation of treatment. The study design followed the enhanced protocol [1, 3] . The high dose was chosen to represent a mean therapeutic dose (MTD), the low dose was chosen to result in a no observed adverse effects level (NOAEL). Groups of 5 male and 5 female rats were orally gavaged with 0, 1, 10, or 100 mg/kg body weight (b.w.) FLU per day or with 0, 0.01, 0.05, or 0.2 mg/kg b.w. EE2 per day for at least 28 days. Two identical studies were run concurrently for each compound. Females were sacrificed beginning at day 28, provided they were in the diestrus stage. Animals which did not come into diestrus were sacrificed on day 32. In the FLU study, one male rat per group and study was necropsied per day from day 28 to 32, whereas in the EE2 study males were necropsied on days 28 and 29. Appropriate statistical tests were performed. Results of manipulative behavioral tests and incidences of abnormal spermatozoa and of histopathological findings were not subjected to statistical analysis [for details see refs. 2, 4] .
RESULTS

General findings
All animals survived to necropsy. Body weight gains were biologically significantly and consistently reduced by more than 30 % in high-dose males treated with FLU or EE2, whereas females were less affected. Treatment-related clinical signs (FLU only) and alterations in hematological and clinical chemical parameters were moderate and mainly restricted to the high dose [for details see refs. 2,4].
Effects on estrus cyclicity
All FLU-treated females were sacrificed in the diestrus stage of the female cycle according to vaginal smear cytology and subsequent histopathology of the vaginal epithelium. Two females (0.05 mg/kg, A. FREYBERGER et al.
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study B) of the investigation on EE2 did not enter into diestrus during the observation period and were sacrificed in estrus, whereas all other females were classified as diestric by vaginal smear cytology when necropsied.
Effects on organ weights
FLU strongly increased liver weight in both sexes at the high dose. Other changes in organ weights were restriced to male rats ( Table 1) . Effects of EE2 treatment on organ weights in male animals are shown in Table 2 . Remarkable changes in organ weights in EE2-treated female rats were a dose-dependent, strong increase of liver weights and an increased uterine weight observed only at the high dose and following combined analysis of studies A and B. Study A 46 ± 9 40 ± 8 37 ± 5 17 ± 11* Study B 49 ± 13 50 ± 10 40 ± 16 § 19 ± 9** Combined studies 48 ± 11 45 ± 10 39 ± 10 18 ± 9** §, n = 4. No multiple comparisons were calculated. Tissues were weighed fresh or after fixation (pituitary, thyroid, male accessory sex organs). Enhancements are underlined. Asterisks indicate a significant difference from the corresponding controls at the p ≤ 0.05 (*) and p ≤ 0.001 (**) level.
Histological findings
In the liver, centrilobular hepatocellular hypertrophy and cytoplasmic change was induced by FLU in males and females at the high dose. Effects of FLU on endocrine organs and hormone sensitive tissues in males are shown in Table 3 . In females, only a slightly increased incidence of increased interstitial glands in the ovaries was observed at the high dose. Effects of EE2 are shown in Table 4 . Most striking was a discrepancy between the diagnosis of the stage of the female cycle by vaginal smear cytology (diestrus) and vaginal and uterine morphology (estrogenized tissue).
A. FREYBERGER et al. 
Hormone determinations
Determination of thyroid related hormones did not contribute to the detection of the endocrine activity of FLU [2] . In EE2-treated rats mainly combined analysis suggested increased thyroid stimulating hormone levels in both sexes and increased thyroxine levels in females. However, these findings were not clearly dose-related, and hormone levels of the individual studies greatly differed from one another [4] .
Spermatological findings
Effects of FLU and EE2 treatment are given in Table 5 .
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Studies on flutamide and ethinylestradiol 
CONCLUSIONS
It was feasible to include all enhancements into the testing routine. The endocrine activity of FLU and ethinylestradiol (EE2) was readily demonstrated using the enhanced OECD TG 407 protocol. Both already existing and newly added parameters contributed to the detection of endocrine-mediated changes and individual studies A and B corresponded well to one another. Additional organ weights (mainly male accessory sex organs) and additional histological investigation of pituitary, epididymis, male mammary gland, and vagina were helpful in detecting endocrine mediated changes. Thyroid related hormones showed high variability and did not contribute to the detection of the endocrine activity of FLU. Changes of these hormones in EE2-treated animals could not be clearly related to estrogenic activity and thus did not contribute to sensitivity. Spermatology was insensitive at all or revealed changes only at the MTD. The use of vaginal smear cytology as a measure to determine the female cycle appears to be problematic in estrogen treated animals. Increasing the animal number from five to ten animals per sex and per dose level did not increase the sensitivity of detection of flutamide or EE2 induced endocrine-mediated effects above the level already obtained by histological examination of groups of five animals. Care must be taken to include in the future version of the OECD TG 407 only those additional endpoints that have been proven to contribute to a reliable and sensitive detection of endocrine-mediated effects. Thorough evaluation of the results of 20 studies on 10 different compounds known or suspected to interact with the endocrine system through different mechanisms that have been tested in the validation phase 2 will provide a sound basis for the identification of the most appropriate enhancements.
